COMMUNICATION SYSTEM 



BACKGROUND OF THE INVENTION 

(1) Field Of the Invention 

The present invention relates to cornmunicat ion 
systems, and more particularly, to a communication system 
that performs a communication control. 

(2) Description of the Related Art 

Recently, an optical subscriber system having an 
optical subscriber communication network has been proposed. 
Particularly, there has been considerable activity in the 
construction of a PON (Passive Optical Network) system 
mainly employed in the Europe, and an ATM-PON, which 
utilizes an ATM (Asynchronous Transfer Mode) in order to 
guarantee a communication band and a requested quality for 
real-time communication of audio and video. 

Such an optical access system is an essential technique 
for providing a large capacity of communication services 
at a low cost, such as video-on-demand, CATV and high- 
speed computer communication, and attracts a lot of 
attention as a key network of the next generation. 

FIG. 22 is a diagram of an GNU (Optical Network 
Unit) and an SLT (Subscriber Line Terminal) that construct 
an optical access system. Referring to FIG. 22, a 

plurality of ONUs 400-1 through 400-n are installed at 
subscribers' homes, and an SLT 500 is installed on an 
office side. 



The ONUS 400-1 through 400-n and the single SLT 
500 are connected by an optical transmission path via a 
branch part 300, and shares the optical transmission path 
by time-division control using polling. That is, each ONU 
is allowed to send information to the SLT after receiving 
a transmission acknowledgement from the SLT. 

Each of the ONUs 400-1 through 400-n is equipped with a 
buffer B, which stores information to be sent to the 
office (up information) . Further, each of the ONUs 400-1 
through 400-n is required to notify the SLT 500 of the 
storage status showing how much up information is 
currently stored in the buffer B. 

The SLT 500 receives the above notice, and 
recognizes the storage status of the buffer B of each of 
the ONUS 400-1 through 400-n. Then, the SLT 500 allocates 
the bands to the ONUs 400-1 through 400-n so that the ONUs 
can send up information to the SLT 500. The above buffer 
management control achieves transfer of information/data 
between the ONUs 400-1 through 400-n and the SLT 500. 

A particular slot is exclusively used to send 
storage status information to the SLT 500 when the ONUs 
400-1 through 400-n notify the SLT 500 of the storage 
status of their buffers B. However, the exclusive use of 
the particular slot degrades the efficiency of transfer of 
user information that is real information. 

Japanese Unexamined Patent Publication No. 10- 
242981 proposes to use an idle field in the overhead added 



to each cell and make a notice of the storage status of 
one buffer at one time. However, presently^ the ITU-T 
Recommendation G. 983 gives definitions to all the fields 
of the overhead. More particularly, the up transmission 
uses the overhead that consists of a guard field for 
avoiding collision of two cells, a bit synchronization 
field for establishing a bit-based synchronization, and a 
byte synchronization field for establishing a byte-based 
synchronization. If some existing fields are omitted, the 
originally needed functions will be lost and the 
communication quality will be degraded. 



SUMMARY OF THE INVENTION 

Taking the above into consideration, an object of 
the present invention is to provide a communication system 
capable of notifying a device of a storage status of a 
buffer so that the efficiency of transmission of user 
information can be prevented from being degraded and the 
communication quality can be improved. 

To accomplish the above object, according to the 
present invention, there is provided a communication 
system performing communication control of information 
comprising a communication terminal device, and a 
communication control device, wherein the coimnunication 
terminal device performs a terminal-side buffer management 
control and comprises: a correspondence table management 
unit creating, based on table forming information sent 



from an upper device, a correspondence table defining a 
correspondence between an in-buffer information amount 
indicating an amount of information stored in a buffer and 
a buffer status value indicating the in-buffer information 
amount in a hierarchical expression; a buffer status value 
acquiring unit referring to the correspondence table and 
acquiring a buffer status value of a buffer that issues a 
transmission event; a notice information setting unit 
comparing, with regard to an identical buffer, a size 
relation between status information about past buffer 
status values for the buffer and a current buffer status 
value acquired, and setting notice information on a bit 
basis determined by the size relation; a terminal-side 
notice information management memory storing and managing 
the notice information as the status information; and a 
notice information sending unit sending the notice 
information by using one slot or a plurality of slots to 
notify the upper device of the buffer status, and wherein 
the communication control device performs an office-side 
buffer management control and comprises: a table forming 
information sending unit creating the table forming 
information and sending the table forming information to 
the communication terminal device; a control-side notice 
information management memory receiving and managing the 
notice information sent by the communication terminal 
device; and a buffer status recognizing unit recognizing 
the buffer status of the communication terminal device 



from a content of the control-side notice information 
management memory. 

The above and other objects, features and 
advantages of the present invention will become apparent 
from the following description when taken in conjunction 
with the accompanying drawings which illustrate preferred 
embodiments of the present invention by way of example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of a communication system 
according to an aspect of the present invention; 

FIG. 2 is a diagram of an overview of an optical 
access system; 

FIG. 3 illustrates a downstream; 

FIG. 4 illustrates an upstream; 

FIG. 5 is a diagram that explains a polling 

control ; 

FIGS. 6(A) and 6(B) are diagrams showing a 
difference between the prior art and the present invention, 
wherein FIG. 6(A) shows the prior art and FIG, 6(B) shows 
the present invention; 

FIG- 7 illustrates a configuration of table 
forming information; 

FIG. 8 illustrates a correspondence table; 

FIGS. 9(A) and 9(B) illustrate a terminal-side 
notice information management memory, wherein FIG. 9(A) 
shows a content of the memory before notice information is 



inserted and FIG. 9(B) shows a content thereof after 
notice information is inserted; 

FIG. 10 illustrates a structure of an up cell 
including a field in which notice information may be 
inserted; 

FIGS. 11(A) and 11(B) illustrate a control-side 
notice information management memory, in which FIG. 11(A) 
shows a content of the memory before notice information is 
inserted and FIG. 11(B) shows a content of the memory 
after notice information is inserted; 

FIG. 12 is a flowchart of an operation of an ONU; 
FIG. 13 is a flowchart of an operation of a SLT; 
FIG. 14 illustrates a configuration of table 
forming information; 

FIG. 15 illustrates a correspondence table; 
FIGS. 16(A) and 16(B) illustrate a terminal-side 
notice information management memory, wherein FIG. 16(A) 
shows a content of the memory before notice information is 
inserted, and FIG. 16(B) shows a content of the memory 
after notice information is inserted; 

FIGS. 17(A) and 17(B) illustrates a control-side 
notice information management memory, in which FIG. 17(A) 
shows a content of the memory before notice information is 
inserted, and FIG. 17(B) shows a content of the memory 
after notice information is inserted; 

FIG. 18 illustrates a configuration of table 
forming information; 



FIG. 19 illustrates a correspondence table; 

FIG. 20 illustrates a terminal-side notice 
information management memory; 

FIGS. 21(A) and 21(B) illustrate a control-side 
notice information management memory, in which FIG. 21(A) 
shows a content of the memory before notice information is 
inserted, and FIG. 21(B) shows a content of the memory 
after notice information is inserted; and 

FIG. 22 is a block diagram of ONUs and an SLT that 
construct an optical access system. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A description will be given of embodiments of the 
present invention with reference to the accompanying 
drawings . 

FIG, 1 is a block diagram of a communication 
system according to an aspect of the present invention. A 
communication system 1 includes a communication terminal 
device 10 installed on a subscriber side, and a 
communication control device 20 installed on an office 
side (network side) . 

The communication terminal device 10 is made up of 
a correspondence table management unit 11, a buffer status 
value acquiring unit 12, a notice information setting unit 

13, a terminal-side notice information management memory 

14, and a notice information sending unit 15. These 
structural units perform a terminal-side buffer management 



control . 

The correspondence table management unit 11 
creates and manages, based on table forming information 
sent from an upper device (which is the communication 
control device 20 in this embodiment), a correspondence 
table T. The correspondence table T defines a 

correspondence between an in-buffer information amount 
indicating the amount of information stored in buffers Bl 
- Bn and a buffer status value, which indicates the in- 
buffer information amount in a hierarchical expression. 

The buffer status value acquiring unit 12 refers 
to the correspondence table T, and acquires the buffer 
status value of the buffer Bl that issues a transmission 
event. With regard to the same buffer (buffer Bl), the 
notice information setting unit 13 compares the size 
relation between the status information about the past 
buffer status values and the current buffer status value 
acquired. Then, the notice information setting unit 13 
sets notice information on the bit basis, the notice 
information being determined on the comparison result. 
The notice information management memory 14 on the 
terminal side stores and manages the notice information as 
status information. The notice information sending unit 
15 sends the notice information to the upper device by 
using one or a plurality of slots. Thus, the upper device 
can be notified of the buffer status. 

The communication control device 20 is made up of 



a table forming information sending unit 21, a control- 
side notice information management memory 22, and a buffer 
status recognizing unit 23. These structural units 
perform an office-side buffer management control. 

The table forming information sending unit 21 
generates table forming information about the 
correspondence table T, and sends it to the communication 
terminal device 10. The control-side notice information 
management memory 22 receives notice information sent by 
the communication terminal device 10, and manages it. The 
buffer status recognizing unit 23 recognizes the buffer 
status of the communication terminal device 10 from the 
content of the notice information management memory 22 on 
the control side. The details of the operation of the 
buffer status recognizing unit 23 will be described later. 

Next, a detailed description will be given of a 
case where the communication system 1 according to one 
aspect of the present invention is applied to an optical 
access system. FIG. 2 is a diagram of an overview of an 
optical access system. Referring to FIG. 2, ONUs 101-1 
through 101-n are respectively installed at subscribers'" 
homes 100-1 through 100-n, and implement an optical burst 
transfer. Hereinafter, the ONUs 101-1 through 101-n may 
be generically referred to as ONUs 101. An SLT 201 is 
disposed in an office 200. Each of the ONUs 101 

corresponds to the aforementioned communication terminal 
device 10, and the SLT 201 corresponds to the 



aforementioned cornmunication control device 20. 

Telephone sets, personal computers or the like may 
be connected to the ONUs 101-1 through 101-n, and a switch 
202 such as an ATM switch is connected to the SLT 201. 
The ONUS 101-1 through 101-n and the SLT 201 are connected 
to a star coupler 300. 

Down information (downstream) from the office 200 
to the subscribers' homes 100-1 through 100-n travels 
through a single optical fiber extending from the office 
200, the star coupler 300, and optical fibers branching 
from the start coupler 300. Up information (upstream) 
from the subscribers' homes 100-1 through 100-n to the 
office 200 travels through the respective optical fibers, 
the star coupler 300 and the single optical fiber. 

As described above, the optical access system is 
an optical branch type access network in which the office 
200 and the subscribers' homes 100-1 through 100-n are 
connected via the star coupler 300 in l:n formation. 

Each of the ONUs 101-1 through 101-n is eguipped 
with a buffer B, which stores up information to be sent to 
the office. An outline of the buffer management control 
of the optical access system is almost the same as that of 
the buffer management control that has been summarized 
with reference to FIG. 22. 

The downstream and the upstream are described 
below. FIG. 3 illustrates a downstream. A downstream 
sent to the ONUs 101 from the SLT 201 includes monitor 



control cells and user cells (ATM cells), which are user 
information. The monitor control cells are located in two 
specific positions in one frame of the downstream. Each 
of the monitor control cells consists of a fixed number of 
bits equal to, for example, 53 bytes. Similarly, each of 
the user cells consist of, for example, 53 bytes. 

FIG. 4 illustrates an upstream. An upstream from 
the ONUS 101 to the SLT 201 includes 56-byte cells, each 
of which cells is composed of an overhead of three bytes, 
and a cell of 53 bytes. Hereinafter, the 56-byte cell 
will be referred to as an up cell. The 53-byte cell 
contained in the 56-byte cell may be used as a monitor 
control cell or a user cell in accordance with an 
instruction from the SLT 201. 

Next, polling is described. The SLT 201 

determines the timing for reading information from each 
ONU on the basis of the communication status sent by each 
ONU. Information about the read timing is called polling 
information. The SLT 201 inserts the polling information 
into the monitor control cell of the downstream, and 
simultaneously sends it to all the ONUs 101-1 through 101- 
n. The ONUs 101 determine transmission timing for 
information to be transmitted on the basis of the received 
polling information. 

In the above manner, the amount of polling may be 
dynamically changed on the basis of the communication 
status of each ONU. It is thus possible to efficiently 



accoininodate traffic having a high burst-like property such 
as IP data traffic. 

FIG. 5 is a diagram that explains a polling 
control. Each of the ONUs 101 is assigned one or a 
plurality of identification numbers, which are associated 
with the buffers. For example, the ONU 101-1 may be 
assigned identification numbers of 0x3d and 0x55, which 
are respectively associated with buffers Bl and B2 . The 
polling information includes identification numbers that 
correspond to time slot numbers #1 - #N as shown in FIG. 5. 

The ONU 101-1 drops the polling information from 
the downstream, and searches for its own identification 
numbers. When the ONU 101-1 finds its own identification 
number, the ONU 101-1 reads information from the 
associated buffer, and sends it to the SLT 201 so that it 
is placed in the defined time slot. 

In the case illustrated in FIG. 5, up information 
from the buffer Bl is sent to the SLT 201 by using time 
slot #2 of the upstream, and up information from the 
buffer B2 is sent to the SLT 201 by using time slot #5. 

A description will be given of differences between 
prior art and the present invention in terms of notice 
control of buffer storage status. As has been described 
with reference to FIG. 5, the ONUs 101 send information to 
the SLT 201 in time division multiplexing at the timings 
designated by the polling information from the SLT 201. 
When sending up information stored in the buffers to the 
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SLT 201, the ONUs 101 notifies the SLT 201 of their own 
buffer storage statuses. 

FIGS. 6(A) and 6(B) illust rate a difference 
between the prior art and the present invention. The 
conventional notice control of the buffer storage status 
notifies the upper device of the buffer storage status by 
using the exclusively used slot or overhead, as has been 
described with reference to FIG. 22. Even in any way, the 
upper device is notified of the storage status of one 
buffer at one time. 

FIG. 6(A) shows a conventional way to send the 
storage status of one buffer to the SLT 201 by using one 
time slot. As shown, three time slots are used for 
transmission of information about the storage statuses of 
the three buffers Bl - B3 . 

Now, an exemplary case is considered where the SLT 
201 accommodates 32 ONUs each having 32 buffers and one 
time slot is used for notice of the storage status of one 
buffer. 

The SLT 201 receives the notices of the buffer 
storage statuses from the 1024 buffers. When two bytes 
are assigned for notice of the buffer storage status per 
buffer, 2048 bytes are needed to notify the upper device 
of the buffer storage statuses of all of the 1024 buffers. 

When all ONUs notify the upper device of the 
storage statuses of their buffers at an interval of 1 ms, 
the band is occupied by information equal to about 16 



Mbits (= 2048 X 8 X 1000) per second. The currently 
available band in the up direction is approximately equal 
to 150 Mbps. Thus, the above buffer notice control will 
degrade the transfer efficiency by 10% or more. 

FIG. 6(B) shows a transfer of information about 
the buffer storage status according to the present 
invention, which will be described later with reference to 
FIG. 7 and some figures subsequent thereto. According to 
one aspect of the present invention, information about the 
storage status of one buffer is not sent to the upper 
device at one time, but is arranged over a plurality of 
slots. In practice, an only small number of bits that 
describe the storage status of one buffer is sent to the 
SLT over a plurality of slots, so that the buffer storage 
status can be mutually updated between the ONUs and SLT. 

Thus, it becomes possible to send information 
about the buffer storage status to the upper device by 
using an idle part that is much smaller than each slot and 
to inhibit degradation of the efficiency of transfer of 
user information. 

A description will be given of an operation of the 
present invention (positioned as a first embodiment 
thereof) . FIG. 7 shows a configuration of the table 
forming information. Table forming information 21a is 
sent to the correspondence table management unit 11 of the 
communication terminal device 10 (which is hereinafter ONU 
10) by the table forming information sending unit 21 in 



the communication control device (which is hereinafter SLT 
20) . 

The table forming information 21a includes, as 
information necessary to create the correspondence table, 
message ID 211a, a threshold value 212a and threshold 
value information 213a. 

The message ID 211a shows that the present message 
is table forming information. The threshold value 212a 
indicates the number of threshold values used for 
describing the in-buffer information amount in the 
hierarchical expression. The threshold value information 
213a indicates the first values respectively obtained by 
dividing the in-buffer information amounts by the 
threshold values. 

FIG. 8 illustrates an example of the 
correspondence table. The correspondence table management 
unit 11 receives the table forming information 21a, and 
creates and manages the correspondence table. A 
correspondence table Ta shown in FIG. 8 includes an item 
of an in-buffer information amount (its unit is the number 
of cells) indicating the amount of information stored in 
the buffer, and a buffer status value that describes the 
in-buffer information amount in the hierarchical 
expression. The example shown in FIG. 8 is created based 
on the table forming information 21a shown in FIG. 7, and 
a hierarchical number N used for describing the in-buffer 
information amount in hierarchical expression. In the 



present example, N is equal to 8. 

Next, a process of setting the notice information 
will be described. In the following description, it is 
assumed that the in-buffer information amount of the 
5 buffer Bl, which generates a transmission event among the 
buffers B provided in the ONU 10, is equal to 600. First, 
the buffer status value acquiring unit 12 refers to the 
correspondence table Ta, and acquires a buffer status 
value of 4 for the buffer Bl (when the buffer status value 

10 is denoted as K, then K = 4) . 

FIGS. 9(A) and 9(B) illustrate an example of the 
notice information management memory 14 on the terminal 
side. More particularly, FIG. 9(A) shows a content of the 
terminal-side notice information management memory 14 

15 before the notice information is inserted, and FIG. 9(B) 
shows a content thereof after the notice information is 
inserted. In the illustrated example, the number of boxes 
for storing notice information in the terminal-side notice 
information management memory 14 is equal to 12 (which is 

20 selected so as to be larger than the threshold value) . It 
is further assumed that pieces of one-bit notice 
information '^0" and "1" are stored in the boxes for the 
buffer Bl. 

The notice information setting unit 13 acquires 
25 the number of bits of "1" (= L) in the seven lower bits (= 
N - 1) of the terminal-side notice information management 
memory 14. The seven lower bits are the status 
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information about the past buffer status values. In the 
case shown in FIG. 9(A), L = 4. That is, "status 
information about the past buffer status values" denotes a 
buffer status value that represents the number of bits "1" 
of the notice information counted up to the previous time. 

The size relation between the current buffer 
status value (K = 4) and the status information (L = 4) 
about the past buffer status values is checked, and the 
notice information to be set at this time is determined. 
In the above case, K = L, and therefore ^'0" is set to the 
notice information. It will be noted that "1" is set to 
the notice information for K > L, and "0" is set for K ^ L. 

The notice information management memory 14 on the 
terminal side shifts the content of the memory to the left 
by one bit, and inserts notice information "0" in the 
least significant bit (FIG. 9(B)). Thereafter, the notice 
information sending unit 15 inserts the notice information 
"0" in the particular field of an up cell, and sends it to 
the SLT 20. 

FIG. 10 illustrates a structure of the up cell 
including a field into which the notice information can be 
inserted. The up cell includes an overhead of 3 bytes, a 
cell header of 5 bytes, and a payload of 48 bytes. The 
cell header includes a VPI (Virtual Path Identifier) field 
of 12 bits, and a PTI (Payload Type Identifier) field of 3 
bits . 

The notice information sending unit 15 sends the 



notice information to the SLT 20 by utilizing a few upper 
bits in the VPI field and the second bit in the PTI field. 
In the above example, the notice information consists of 
only one bit, and may be inserted in, for example, the 
5 second bit in the PTI field. 

A description will be given of an operation that 
is performed until the buffer status from the notice 
information is recognized. The SLT 20 acquires the notice 
information from the ONU 10. 

10 FIGS. 11(A) and 11(B) show an example of the 

notice information management memory 22 on the control 
side. More particularly, FIG. 11(A) shows a content of 
the control-side notice information management memory 22 
before the notice information is inserted and FIG. 11(B) 

15 shows a content thereof after the notice information is 
inserted. The control-side notice information management 
memory 22 has the same number of boxes as that of the 
notice information management memory 14 on the terminal 
side. The notice information management memory 22 on the 

20 control side is updated upon receiving the notice 
information, so that the control-side notice information 
management memory 22 has the same values as those of the 
notice information management memory 14 on the terminal 
side . 

25 The notice information management memory 22 on the 

control side receives one-bit notice information and 
shifts the content for the buffer Bl to the left by one 



bit. Then, the control-side notice information management 
memory 22 inserts notice information "0" into the least 
significant bit. After one-bit insertion, four bits of 
"1" are contained in the N lower bits of the notice 
information management memory 22 on the control side (FIG. 
11(B) ) . 

Thus, the buffer status recognizing unit 23 
recognizes, from the content of the control-side notice 
information management memory 22, that the buffer status 
of the buffer Bl is 4 (which means that an in-buffer 
information amount of 501 - 1000 is available) . 

The above-mentioned control enables the SLT 20 to 
correctly recognize the buffer status. Thereafter, the 
SLT 20 assigns the band necessary for transfer of up 
information to the ONU 10. 

The previously given description shows the 
following exemplary case. The current buffer status value 
(K) and the status information (L) about the past buffer 
status values have a size relation such that K = L. The 
notice information from the ONU 10 to the SLT 20 is sent 
at one time (by only one slot) . Thus, the notice 

information management memory 14 on the terminal side and 
the notice information management memory 22 on the control 
side have an identical content such that the buffer status 
value for the buffer Bl is 4. 

Now, another case will be considered where traffic 
rapidly increases from a status pointed out by a buffer 



status value of 0 to a status pointed out by a buffer 
status value of 7 . In this case, if the seven lower bits 
of the notice information management memory 14 on the 
terminal side are all 0 (and therefore the seven lower 
bits of the notice information management memory 22 on the 
control side are also all 0), the ONU 10 will not be able 
to notify the SLT 20 of the current buffer status of the 
buffer Bl unless the ONU 10 sends the SLT 20 notice 
information "1" by using seven slots (because K > L) . 

Even if the buffer status value rapidly changes to 
the maximum value, the time equal to only seven slots at 
maximum is needed for transmission of notice information. 
Hence, the SLT 20 can be notified of the buffer status 
only for a short time. Further, it is possible to prevent 
the efficiency of transmission of user information from 
being degraded because notice information consisting of 
only one bit is inserted into the notice field of each up 
cell in the respective slot. 

A description will now be given of the operations 
of the ONU 10 and the SLT 20 with reference to flowcharts. 
FIG. 12 is a flowchart of the operation of the ONU 10. 
[SI] The correspondence table management unit 11 receives 
the table forming information sent by the SLT 20, and 
creates the correspondence table T. 

[S2] An upper cell transmission event is issued from 
buffer Bi in the ONU 10. 

[S3] The buffer status value acquiring unit 12 refers to 



the correspondence table T, and acquires buffer status 
value Ki corresponding to the in-buffer information amount 
for the buffer Bi. 

[S4] The notice information setting unit 13 obtains, as 
5 status information about the past buffer status values, 
the number Li of 1 in the N-1 lower bits from the notice 
information management memory 14 on the terminal side 
where N denotes a hierarchical number for hierarchical 
expression . 

10 [S5] The notice information setting unit 13 checks the 
size relation between Ki and Li. For Ki > Li, the process 
proceeds with step S6. For Ki ^ Li, the process proceeds 
with step S7. 

[S6] The notice information setting unit 13 sets 1 to the 
15 notice information S. 

[S7] The notice information setting unit 13 sets 0 to the 
notice information S. 

[S8] The notice information management memory 14 on the 
terminal side shifts the content thereof to the left by 
20 one bit, and inserts notice information S in the least 
significant bit. 

[S9] The notice information sending unit 15 writes notice 
information S in the notice field of the up cell (which 
may be the VPI field or the PTI field) , and sends it to 
25 the SLT 20. 

FIG. 13 is a flowchart of the operation of the SLT 

20. 

- 21 - 



[SIO] The table forming information sending unit 21 
creates table forming information about the correspondence 
table T, and sends it to the ONU 10. 

[Sll] The SLT 20 recognizes the occurrence of an arrival 
event of an upper cell. 

[S12] The SLT 20 identifies the sender-source buffer. 
[S13] The SLT 20 extracts the notice information S from 
the notice field (the VPI field or the PTI field) of the 
cell header of the upper cell. 

[S14] The notice information management memory 22 on the 
control side shifts the content thereof to the left by one 
bit, and inserts the notice information S in the least 
significant bit. 

[S15] The buffer status recognizing unit 23 counts the 
number of 1 in the N lower bits, and recognizes the buffer 
status of the buffer Bi provided in the ONU 10. 

Next, a description will be given of a second 
embodiment of the present invention. The second 

embodiment divides a plurality of buffers provided in the 
ONU 10 into groups, and performs the buffer management and 
control on the terminal and office sides on the group 
basis . 

For example, assuming that the ONU 10 has 12 
buffers Bl - B12, these buffers are divided into groups Gl 
- G3, and the buffer management and control is performed 
for each of the groups Gl - G3 . The group Gl consists of 
buffers Bl - B4 . The group G2 consists of buffers B5 - B8 . 



The group G3 consists of buffers B9 - B12 . 

FIG. 14 is a diagram of a configuration of table 
forming information. Table forming information 21b shown 
in FIG. 14 includes a message ID 211b, a threshold value 
212b, and threshold value information 213b as information 
necessary for creating the correspondence table. 

The message ID 211b shows the present message is 
table forming information (group category) . The threshold 
value 212b indicates the number of threshold values used 
for the in-group information amount in the hierarchical 
expression. The threshold value information 213b 

indicates the first values respectively obtained by 
dividing the in-group information amounts by the threshold 
values . 

FIG. 15 illustrates an example of the 
correspondence table. A correspondence table Tb shown in 
FIG. 15 includes an item of an in-group information amount 
indicating the amount of information stored in the group 
(its unit is the number of cells), and an item of a group 
status value that describes the in-group information 
amount in a hierarchical expression. The example shown in 
FIG. 15 is creased based on the table forming information 
21b shown in FIG. 14, and the hierarchical number N 
thereof is 8. 

Next, a process of setting the notice information 
will be described. In the following description, it is 
assumed that a transmission event is issued from the group 
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Gl {which consists of the buffers Bl - B4) among the 
groups Gl - G3 in the ONU 10. 

It is also assumed that the in-buffer information 
amounts of the buffers Bl, B2, B3 and B4 in the group Gl 
are respectively 1200, 600, 100 and 800. Thus, the in- 
group information amount is 2700. 

First, the buffer status value acquiring unit 12 
refers to the correspondence table Tb, and acquires a 
group status value of 6 for the group Bl (when the group 
status value is denoted as K, then K = 6) . 

FIGS. 16(A) and 16(B) illustrates an example of 
the notice information management memory 14 on the 
terminal side. More particularly, FIG. 16(A) shows a 
content of the terminal-side notice information management 
memory 14 before the notice information is inserted, and 
FIG. 16(B) shows a content thereof after the notice 
information is inserted. In the illustrated example, the 
number of boxes for storing notice information in the 
terminal-side notice information management memory 14 is 
equal to 12. It is assumed that pieces of one-bit notice 
information "0" and "1" are stored in the boxes for the 
group Gl . 

The notice information setting unit 13 acquires 
the number of bits "1" (= L) in the seven lower bits (= N 
- 1) of the terminal-side notice information management 
memory 14, In the case shown in FIG. 16(A), L = 6. 

Then, the size relation between the current buffer 



status value (K = 6) and the status information about the 
past buffer status values (L = 6) is checked, and the 
notice information to be used at this time is determined. 
In this case, since K = L, "0" is set to the notice 
information. 

The notice information management memory 14 on the 
terminal side shifts the content of the memory to the left 
by one bit, and inserts notice information "0" in the 
least significant bit (FIG. 16(B)). After that, the 
notice information sending unit 15 inserts the notice 
information ^^0" in the particular field of an up cell 
(which field may be the VPI field or the PTI field that 
have been described with reference to FIG. 10), and sends 
it to the SLT 20. 

A description will be given of an operation that 
is performed until the buffer status from the notice 
information is recognized. The SLT 20 acquires the notice 
information from the ONU 10. 

FIGS. 17(A) and 17(B) show an example of the 
notice information management memory 22 on the control 
side. More particularly, FIG. 17(A) shows a content of 
the control-side notice information management memory 22 
before the notice information is inserted, and FIG. 17(B) 
shows a content thereof after the notice information is 
inserted. The control-side notice information management 
memory 22 has the same number of boxes as that of the 
notice information management memory 14 on the terminal 



side. The control-side notice information management 
memory 22 is updated upon receiving the notice information 
so that the control-side notice information management 
memory 22 has the same values as those of the notice 
information management memory 14 on the terminal side. 

The notice information management memory 22 on the 
control side receives one-bit notice information, and 
shifts the content for the group Gl to the left by one bit 
Then, the control-side notice information management 
memory 22 inserts notice information "0" into the least 
significant bit (FIG. 17(B)). After one-bit insertion, 
six bits of "1" are contained in the N lower bits of the 
notice information management memory 22 on the control 
side . 

Thus, the buffer status recognizing unit 23 
recognizes, from the content of the control-side notice 
information management memory 22, that the buffer status 
of the group Gl is 6 (which means that an in-group 
information amount of 2001- 4000 is available) . 

As described above, the second embodiment of the 
present invention performs the buffer storage control on 
the group basis. It is therefore possible for the SLT 20 
to set polling information on the group basis and to 
improve the flexibility of communication. 

A description will be given of a third embodiment 
of the present invention. The third embodiment performs 
the buffer management and control on the terminal and 



office sides on the basis of a buffer usage ratio on the 
side of ONU 10. 

For example, the buffer usage ratio is defined so 
that, when 10 cells are stored in a single buffer capable 
of storing information equal to 100 cells, the buffer 
usage ratio is 10%. The buffer usage ratio is computed by 
the buffer status value acquiring unit 12. 

FIG. 18 shows a configuration of the table forming 
information. Table forming information 21c shown in FIG. 
18 includes, as information necessary for creating the 
correspondence table, a message ID 211c, a threshold vale 
212c, and threshold value information 213c. 

The message ID 211c shows that the present message 
is the table forming information (buffer usage ratio) . 
The threshold value 212c indicates the number of threshold 
values for describing the buffer usage ratio in a 
hierarchical expression. The threshold value information 
213c indicates the first values respectively obtained by 
dividing the buffer usage ratios by the threshold values. 

FIG. 19 illustrates an example of the 
correspondence table. A correspondence table Tc shown in 
FIG. 19 includes an item of a buffer usage ratio (its unit 
is %) for the buffer, and an item of a buffer status value 
that describes the buffer usage ratio in a hierarchical 
expression. The example shown in FIG. 19 is created based 
on the table forming information 21c shown in FIG. 18. 
The basic operation for the setting of notice information 



is the same as that of the first and second embodiments, 
and thus a description thereof is omitted. 

As described above, the third embodiment of the 
present invention performs the buffer storage control on 
the basis of the buffer usage ratio. Discarding of cells 
from a buffer may be started when the buffer usage ratio 
becomes 100%. In the third embodiment, the SLT 20 is 
capable of checking a possibility that cells may be 
discarded because the SLT 20 is notified of the buffer 
usage ratio. Thus, polling information may be 

preferentially supplied to a buffer having a buffer usage 
ratio close to 100%, so that the possibility of cell 
discarding can be reduced. 

Further, the second and third embodiments may be 
combined so that the buffer storage control can be 
performed on the basis of the buffer usage ratio in each 
group (group usage ratio) . In this case, the SLT 20 can 
recognize the group usage ratio. Thus, polling 

information may be preferentially supplied to a buffer 
having a buffer usage ratio close to 100%, so that the 
possibility of cell discarding can be reduced. 

A description will be given of a case where notice 
information is sent by two bits or more in a single slot. 
In the first embodiment of the present invention, notice 
information is sent by one slot or a plurality of slots in 
which notice information "0" or ^^1" is inserted. In 
contrast, in the following case, notice information 



consisting of three bits is sent by using a single slot. 
In the following, it is assumed that the buffer Bl among 
the buffers of the ONU 10 issues a transmission event, and 
its buffer status value K is equal to 5 (the hierarchical 
number N is equal to 8) . 

FIG. 20 shows contents of the notice information 
management memory 14 on the terminal side. Step S20 shows 
a content of the terminal-side notice information 
management memory 14 before notice information is inserted. 
The terminal-side notice information management memory 14 
in the present example has 12 boxes for storing pieces of 
notice information. It is assumed that items of one-bit 
notice information "0" and "1" are stored in the boxes for 
the buffer Bl. 

The notice information setting unit 13 acquires 
the number of bits "1" (= L) in the seven lower bits (= N 
- 1) of the notice information management memory 14 on the 
terminal side. In the case shown in FIG. 20, L = 3. 

Then, the size relation between the current buffer 
status value (K = 5) and the status information about the 
past buffer status values (L = 3) is checked, and the 
notice information to be used at this time is determined. 
In the above case, K > L, and therefore "1" is set to the 
notice information. Then, as shown by step S21, the 
notice information management memory 14 on the terminal 
side shifts the content thereof to the left by one bit, 
and inserts notice information "1" in the least 



significant bit. 

Further, the size relation between the current 
buffer status vale (K = 5) and the status information 
about the past buffer status values (L = 4), and the 
notice information to be used at this time is determined. 
In this case, K > and "1" is set to the notice 

information. Then, as shown by step S22, the terminal- 
side notice information management memory 14 shifts the 
content thereof to the left by one bit, and inserts notice 
information "1" in the least significant bit. 

Furthermore, the size relation between the current 
buffer status vale (K = 5) and the status information 
about the past buffer status values (L = 5} is checked, 
and the notice information at this time is determined. In 
this case, K = L, so that "0" is set to the notice 
information. Then, as shown by step S23, the terminal- 
side notice information management memory 14 shifts the 
content thereof to the left by one bit, and inserts notice 
information ""0" in the least significant bit. 

Then, the notice information sending unit 15 
inserts three bits "1", "1" and "0" of the notice 
information into the particular field of the up cell (VPI 
field shown in FIG. 10), and sends it to the SLT 20. 

Next, a description will be given of an operation 
that is performed until the buffer status from the notice 
information is recognized. The SLT 10 acquires the three- 
bit notice information sent by the ONU 10. 



FIGS. 21(A) and 21(B) illustrate an example of the 
notice information management memory 22 on the control 
side. More particularly, FIG. 21(A) shows a content of 
the control-side notice information management memory 22 
before the notice information is inserted, and FIG. 21(B) 
shows a content thereof after the notice information is 
inserted. The control-side notice information management 
memory 22 has the same number of boxes as that of the 
notice information management memory 14 on the terminal 
side, and is updated upon receiving the notice information, 
so that the terminal-side notice information management 
memories 14 and the control-side notice information 
management 22 have the same contents. 

Upon receiving the notice information consisting 
of three bits, the notice information management memory 22 
on the control side shifts its content for the buffer Bl 
to the left by three bits, and inserts items of notice 
information "1", "1" and "0" in the three least 
significant bits (FIG. 21(B)). After three-bit insertion, 
the N lower bits of the control-side notice information 
management memory 22 contain five bits of "1". 

Thus, the buffer status recognizing unit 23 
recognizes, from the contents of the control-side notice 
information management memory 22, that the buffer status 
of the buffer Bl is equal to 5. 

As described above, by sending notice information 
consisting of a plurality of bits, it is possible to 



reduce the time necessary for transmission of notice 
information (namely, to reduce the number of slots used) 
and to notify the upper device of the buffer status for a 
shorter time. 

As described above, in the communication system 1 
of the present invention, the ONU 10 notifies the upper 
device of the buffer status by sending the notice 
information via one slot or a plurality of slots. The 
notice information is the value determined based on the 
status information about the past buffer status values and 
the current buffer status value. 

The SLT 20 receives the notice information from 
the ONU 10, and recognizes the notice information on the 
basis of the contents of the notice information management 
memory 22 on the control side, which memory stores and 
manages the notice information. 

Thus, it is possible to efficiently perform notice 
control of the buffer storage status and to improve the 
communication quality. 

In the foregoing, the communication system 1 of 
the present invention is applied to the ONU and SLT of the 
optical access system. The present invention can also be 
applied to communication systems other than the optical 
access system, in which the upper device is notified of 
the buffer status for communications. 

As has been described, the communication system 
according to one aspect of the invention is configured as 



follows. As notice information, the communication 

terminal device sends to the upper device the value 
determined based on the size relation between the status 
information about the past buffer status values and the 
5 current buffer status value by using one slot or a 
plurality of slots. The communication control device 
receives the notice information from the communication 
terminal device, and recognizes the buffer status of the 
communication terminal device on the basis of the contents 

10 of the notice information management memory that stores 
and manages the notice information on the control side. 
It is therefore possible to efficiently perform notice 
control for the buffer storage status without degrading 
the efficiency of transfer of user information and to 

15 improve the communication quality. 

The foregoing is considered all illustrative only 
of the principles of the present invention. Further, 
since numerous modifications and changes will readily 
occur to those skilled in the art, it is not desired to 

20 limit the invention to the exact construction and 
applications shown and described, and accordingly, all 
suitable modifications and equivalents may be regarded as 
falling within the scope of the invention in the appended 
claims and their equivalents. 
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